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1
ENABLING PSEUDO-CLASS STYLES
WITHOUT REVEALING PERSONAL
INFORMATION

RELATED APPLICATION

This application is a divisional of and claims priority to
U.S. patent application Ser. No. 11/877,685 filed Oct. 24,
2007 entitled “Enabling Pseudo-Class Styles Without
Revealing Personal Information” to Rogers et al., the disclo-
sure of which is incorporated by reference herein in its
entirety.

BACKGROUND

Cascading Style Sheets (CSS) provide a simple mecha-
nism for adding style (e.g., fonts, colors, and spacing) to web
documents. CSS’s standard, entitled “Cascading Style Sheets
Level 2 Revision 1 (CSS 2.1) Specification, W3C Candidate
Recommendation 19 Jul. 20077, contains definitions for
pseudo-class styles or selectors that apply to elements when
the elements are in a particular state or condition. For
example, the pseudo-class “:link” applies to links that have
not been visited and the pseudo-class “:visited” applies to
links that have been visited.

So, for example, the pseudo-class “:link” can be used to
add style to a link thathas not been visited such as by coloring
the link or changing the link’s font in a particular way. The
pseudo-class “:visited” can be used to add style to a link that
has been visited, such as by coloring the link or changing the
link’s font in a particular way. The “:visited” pseudo-class
draws upon historical information about a user’s past brows-
ing activities in order to enable styles to be added to a par-
ticular link.

One of the problems associated with pseudo-classes and in
particular, those mentioned above, pertains to user informa-
tion (referred to herein as “personally identifiable informa-
tion”) that can be collected regarding operations surrounding
use of the pseudo-classes. A user’s past browsing activities
constitutes one type of personally identifiable information.
Because this collected information is personal in nature, it can
form the basis for some type of attack aimed at a particular
user. For example, collected information about which sites a
user has visited might be used to deliver a user experience
which is specifically targeted to the user’s browsing history.
This, in turn, can increase the potential that the user will
respond to the attack in a way that the attacker desires.

Personally identifiable information can be gathered in a
number of ways. The information might be gleaned by script
which is designed to read information about applied styles off
of an element in question. For example, script might attempt
to read formatting information that describes whether a user
has visited a particular site or has taken a particular type of
action. Alternately or additionally, personally identifiable
information might be inferred by examining HTTP traffic
related to style processing that results in image requests made
to a remote source. That is, by clicking on a particular link, a
user’s web browser might responsively generate an HTTP
request for a remotely located image. When a server receives
the HTTP request, it can infer from the request that the user
has visited a particular link. Alternately or additionally, per-
sonally identifiable information might be gathered by ascer-
taining whether complex formatting has taken place that
affects the layout of surrounding elements within a page. That
is, a user may take some action that causes surrounding struc-
ture of a web page to be modified in some way. Based on the
structural modification, one can infer that a user has taken the
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action, such as clicking on a link. Further, personally identi-
fiable information might be gathered by examining differ-
ences in code path times. For example, assume that a web
browser has a particular code path that executes synchro-
nously or even asynchronously and has a detectable end state,
such as a completion callback. If a mitigation were to be
added to not check a user’s browsing history, then the time it
takes to perform this operation would be significantly less
than a path which checks the user’s browsing history. By
detecting the timing differences, an attacker can infer which
code path was run.

SUMMARY

This Summary is provided to introduce a selection of con-
cepts in a simplified form that are further described below in
the Detailed Description. This Summary is not intended to
identify key features or essential features of the claimed sub-
ject matter, nor is it intended to be used to limit the scope of
the claimed subject matter.

Various embodiments enable particular CSS pseudo-
classes to be employed, but limit particular functionality
aspects of those pseudo-classes that can lead to divulging
personally identifiable information. Thus, various embodi-
ments can change how a CSS pseudo-class is allowed to
function. For example, in at least some embodiments, CSS
pseudo-classes are permitted to be used to make the visual
formatting changes to a web page, but not structural format-
ting changes. That is, changes that do not affect the structure
of content within a web document are allowed, while changes
that affect the structure of the content are not allowed.

BRIEF DESCRIPTION OF THE DRAWINGS

The same numbers are used throughout the drawings to
reference like features.

FIG. 1 illustrates a system in which various principles
described herein can be employed in accordance with one or
more embodiments.

FIG. 2 is a data flow diagram in accordance with one or
more embodiments.

FIG. 3 is a flow diagram that describes steps in a method in
accordance with one or more embodiments.

FIG. 4 is a flow diagram that describes steps in a method in
accordance with one or more embodiments.

FIG. 5 illustrates an example system that can be used to
implement one or more embodiments.

DETAILED DESCRIPTION
Overview

Various embodiments enable particular CSS pseudo-
classes to be employed, but limit particular functionality
aspects of those pseudo-classes that can lead to divulging
personally identifiable information. Thus, various embodi-
ments can change how a CSS pseudo-class is allowed to
function. For example, in at least some embodiments, CSS
pseudo-classes are permitted to be used to make the visual
formatting changes to a web page, but not structural format-
ting changes. That is, changes that do not affect the structure
of content within a web document are allowed, while changes
that affect the structure of the content are not allowed.

In at least some embodiments, a Web browser includes, or
otherwise makes use of a mitigation component that is
designed to enable certain uses of CSS pseudo-classes while,
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at the same time, protect against revealing personally identi-
fiable information by limiting those uses.

In the discussion that follows, a section entitled “Operating
Environment” is provided and describes one environment in
which one or more embodiments can be employed. Following
this, a section entitled “Example Mitigation Component” is
provided and describes but one example of a mitigation com-
ponent in accordance with one or more embodiments. Fol-
lowing this, a section entitled “Example Methods™ is pro-
vided and describes example methods in accordance with one
or more embodiments. Last, a section entitled “Example Sys-
tem” is provided and describes an example system that can be
utilized to implement one or more embodiments.

Operating Environment

FIG. 1 illustrates an operating environment in accordance
with one or more embodiments, generally at 100. Environ-
ment 100 includes a computing device 102 having one or
more processors 104, one or more computer-readable media
106 and one or more applications 108 that reside on the
computer-readable media and which are executable by the
processor(s). The computer-readable media can include, by
way of example and not limitation, all forms of volatile and
non-volatile memory and/or storage media that are typically
associated with a computing device. Such media can include
ROM, RAM, flash memory, hard disk, removable media and
the like. One specific example of a computing device is shown
and described below in FIG. 5.

In addition, computing device 102 includes a software
application in the form of a web browser 110. Any suitable
web browser can be used examples of which are available
from the assignee of this document and others. In at least
some embodiments, web browser 110 includes or otherwise
makes use of a mitigation component 111 that is configured to
enable particular CSS pseudo-classes to be employed in a
limited capacity that is designed to protect personally identi-
fiable information.

It is to be appreciated and understood, however, that the
embodiments described in this document can be utilized with
applications other than web browsers. Accordingly, any
application that can process web documents or associated
elements in the manner described in this document can be
utilized. For example, any applications that utilize or process
any markup-enabled language that uses pseudo-class enabled
styling can be vulnerable to attack such that the mitigation
techniques described herein can be employed. Such applica-
tions can include, by way of example and not limitation, Flash
applications as well as others. Alternately or additionally, the
mitigation embodiments described in this document can be
implemented as a standalone component that works with or in
connection with other applications.

In addition, environment 100 includes a network 112, such
as the Internet, and one or more web sites 114. The web sites
provide content, such as web pages and the like, for consump-
tion by computing device 102.

Computing device 102 can be embodied as any suitable
computing device such as, by way of example and not limi-
tation, a desktop computer, a portable computer, a handheld
computer such as a personal digital assistants (PDA), cell
phone, and the like.

Having discussed an example operating environment, con-
sider now a discussion of an example mitigation component
and how the component can be utilized in accordance with
one or more embodiments.

Example Mitigation Component

FIG. 2 illustrates a data flow diagram having various com-
ponents in accordance with one or more embodiments, gen-
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4

erally at 200. In the illustrated and described embodiment,
diagram 200 includes a network such as the Internet 202 and
various components that may or may not comprise part of a
web browser. These other components include, by way of
example and not limitation, a CSS parser 204, a script engine
206, and apply formats component 208, a mitigation compo-
nent 210, an image fetcher component 212, and a layout/
rendering component 214. In addition, diagram 200 includes
various data stores such as a style sheet collection store 216,
a visited links store 218, and a calculated format store 220.

In accordance with one or more embodiments, when a web
document such as a webpage is received from a network such
as Internet 202, CSS parser 204 parses the web document and
identifies any style sheet references contained in the docu-
ment. As a simple example, the following excerpt might be
received as an input to the CSS parser 204:

BODY { background-image: url(remoteResource.gif); }
DIV {

background-image: inherit;

color: purple;

The CSS parser then builds appropriate style sheets and
provides the style sheets into style sheet collection store 216.
In addition, script engine 206 receives executable script that is
contained in or referenced by the web document. The script
engine provides an environment in which the script can be
executed.

The collection of style sheets in store 216 is used by the
apply formats component 208, which is responsible for pro-
cessing style sheets and deciding what a particular element is
going to look like, both structurally and visually. In addition,
the apply formats component 208 is also responsible for
determining whether there are any environmental impacts
associated with the style sheets. Environmental impacts can
include those impacts that structurally affect an element or the
web page in some way, as will become apparent below.

In addition, one of the inputs to the apply formats compo-
nent 208 is information received from visited links store 218
which pertains to links that a user has visited. Recall that the
links that a user has visited in the past comprises personally
identifiable information.

In one or more embodiments, once the apply formats com-
ponent 208 receives its input from both the style sheet collec-
tion store 216 and the visited links store 218, it produces what
is known as a calculated format which is stored in calculated
format store 220. In the illustrated and described embodi-
ment, the calculated format represents a final structure that
describes an overall format of an element (such as a link)
being presented and thus contains all formatting rules for that
element. The calculated format can contain information
inherited from a parent scope or gained through some indirect
mechanisms such as the style or behavior being attached. For
example, using the excerpt provided above, a sample calcu-
lated format would appear as follows:

background-image: url(remoteResource. gif);
color: purple;

As can be appreciated, at this point, the calculated format
may impact personally identifiable information because of
the nature of the information contained in the calculated
format, e.g. whether or not a particular link has been visited.
Further, personally identifiable information may be impacted
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because the calculated format might contain information that
results in an image fetch operation by image fetcher compo-
nent 212. In the present example, a background image is
referenced that would result in a remote image fetch opera-
tion. Further, in the past, the calculated format was available
to (i.e. readable by) script executing in script engine 206, thus
providing another potential source for divulging personally
identifiable information.

In the illustrated and described embodiment, however,
mitigation component 210 is utilized to sever, in a sense, a
direct connection between script access to the calculated for-
mat, as well as a direct connection between the calculated
format and image fetcher component 212.

In one example implementation, when the apply formats
component 208 produces the calculated format, it includes
along with various formatting information that is typically
included, an indication as to whether the calculated format
might impact personally identifiable information. To ascer-
tain whether the calculated format might impact personally
identifiable information, the apply formats component 208
can look to ascertain whether and how the above-mentioned
pseudo-classes are utilized in the style sheets received from
style sheet collection store 216. Thus, the apply formats com-
ponent 208 can look to ascertain whether any style sheets
carry with them structural formatting information which
would change the structure of a web document. If there is
structural formatting information which would affect the
structure of the web document, the apply formats component
208 can provide the above-mentioned indication in the cal-
culated format.

Any suitable mechanism can be used to provide an indica-
tion as to whether the calculated format might impact person-
ally identifiable information. For example, in at least some
embodiments, a bit flag can be set to indicate that personally
identifiable information might be impacted by the calculated
format.

When the mitigation component 210 receives the calcu-
lated format, it checks to see whether the bit flag is set to
indicate that personally identifiable information might be
impacted. If the bit flag is not set, then the mitigation
described below can be skipped and further processing can
take place, such as providing the calculated format to the
layout/rendering component 214 for building a user view. If,
on the other hand, the bit flag is set, a mitigation process is
initiated.

In one or more embodiments, the mitigation process can be
defined as a policy that is embodied by a list, such as a white
list of acceptable pseudo-class properties including, by way
of example and not limitation, color, background color and
text decoration. That is, the list of acceptable properties can
include those properties that are associated with visual for-
matting and not structural formatting. By implication then,
the white list excludes certain properties which are directed to
structural formatting. These structural formatting properties
can include, by way of example and not limitation, padding
properties (which change the size of elements within a web
document), background image properties (which would
require an image fetch), other image properties which would
require an image fetch, and the like. Further, such structural
formatting properties can include location and sizing affect-
ing properties such as top, left, bottom, right in combination
with properties such as position: absolute and position: rela-
tive. Thus, in this embodiment, properties that appear on the
white list of acceptable properties are applied, and those that
do not appear on the white list are not applied. In this manner,
the mitigation component can enable particular CSS pseudo-
classes to be employed in a somewhat limited capacity that is
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designed to protect personally identifiable information. In
turn, content authors are still free to employ these pseudo-
classes, but their functionality is modified as described above
and below.

Accordingly, what is produced by the mitigation compo-
nent is a what can be consider as a sanitized version of the
calculated format resulting in a format in which properties
that result in visual format changes are allowed to be applied,
and properties that would result in structural formatting
changes are not allowed to be applied. In some embodiments,
problematic properties associated with the calculated format
can be physically removed to provide the sanitized calculated
format. Alternately or additionally, problematic properties
associated with the calculated format might be retained in the
calculated format along with a policy that limits application
of the problematic properties to thus provide a sanitized cal-
culated format. Such might be the case, for example, in a
situation where document editing software might use the
problematic properties internally, yet be limited in their use
by a particular policy, such as disallowing remote image
fetching. As an example of the former, consider the excerpt
justbelow which provides a sanitized calculated format using
the excerpts referenced above:

color: purple;

This sanitized version of the calculated format can then
serve to provide input, where appropriate, to script engine
206, image fetcher component 212, and layout/rendering
component 214.

Specifically, if script executing in script engine 206 makes
arequest or attempts to read the calculated format, it receives,
from mitigation component 210 a sanitized format that does
not include properties that have been excluded above. Simi-
larly, image fetcher component 212 can still be called upon to
fetch images that appear in a sanitized request. However, such
images would be those that pertain to or are associated with
something other than the pseudo-classes mentioned above.
This would allow other types of CSS rendering or layout
operations to be performed. For example, image fetches and
various forms of layout changing formats can be allowed
when the links refer to locations within a current document.
These references are known as fragment identifiers and are
used in self referential navigation. An example would be a
single HTML page which represents a book in which each
chapter is linked to from a table of contents or TOC.

Thus, in one or more embodiments, the mitigation compo-
nent 210 can also allow so-called fragment identifiers to be
used to link within the same page. That is, when fragment
identifiers are used to link within the same page, an assump-
tion is made that the author of the content is also a target
author. Thus, in these embodiments, full “:visited” access is
provided if a URL points within the same page, for example,
in the case of bookmarks.

Example Methods

FIG. 3 is a flow diagram that describes steps a method in
accordance with one or more embodiments. The method can
be implemented in connection with any suitable hardware,
software, firmware, or combination thereof. In at least some
embodiments, aspects of the method can be implemented by
a suitably configured web browser. It is to be appreciated and
understood, however, that aspects of the described method
need not necessarily be implemented by a web browser.

Step 300 receives a web document. This step can be per-
formed in any suitable way examples of which are described
above. Step 302 ascertains whether one or more pseudo-
classes are used in the web document. Examples of pseudo-
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classes are provided above. Step 304 disallows one or more
pseudo-class properties that impact personally-identifiable
information. Examples of pseudo-classes and pseudo-class
properties that can impact personally-identifiable informa-
tion are provided above. For example, pseudo-class proper-
ties that cause structural changes in a web document can
impact personally-identifiable information. Alternately or
additionally, pseudo-class properties that cause one or more
images to be fetched from a server can impact personally-
identifiable information. Thus, these properties can be disal-
lowed by not applying them relative to a particular web docu-
ment. Examples of how properties can be disallowed are
provided above.

FIG. 4 is a flow diagram that describes steps a method in
accordance with one or more embodiments. The method can
be implemented in connection with any suitable hardware,
software, firmware, or combination thereof. In at least some
embodiments, aspects of the method can be implemented by
a suitably configured web browser. It is to be appreciated and
understood, however, that aspects of the described method
need not necessarily be implemented by a web browser.

Step 400 receives a web document and step 402 produces,
from the web document, a calculated format. Examples of a
calculated format are provided above. Step 404 ascertains,
from the calculated format, whether personally-identifiable
information is impacted. Such can include, in at least some
embodiments, identifying whether particular pseudo-classes
are used in a style sheet associated with the web document.
Specific examples of pseudo-classes are given above. Step
406 produces, from the calculated format, a sanitized calcu-
lated format which protects personally-identifiable informa-
tion. The sanitized calculated format can be considered, in at
least some embodiments, as one in which certain problematic
pseudo-class properties are not applied. Examples of those
properties and ways in which the properties are not applied
are given above.

The sanitized calculated format can now serve as a basis for
input to other processes associated with the web document.
By serving as a basis for input to these processes, personally-
identifiable information can be protected. For example,
executing script that may attempt to read information associ-
ated with the calculated format will now receive sanitized
format in which personally-identifiable information has been
protected. Alternately or additionally, image fetching opera-
tions can now be conducted using the sanitized format, thus
protecting personally-identifiable information. Further, sani-
tized formatting information can now serve as a basis for
layout and rendering operations, thus protecting personally-
identifiable information.

Example System

FIG. 5 illustrates an example computing device 500 that
can implement the various embodiments described above.
Computing device 500 can be, for example, computing
device 102 of FIG. 1 or any other suitable computing device.

Computing device 500 includes one or more processors or
processing units 502, one or more memory and/or storage
components 504, one or more input/output (I/0) devices 506,
and a bus 508 that allows the various components and devices
to communicate with one another. Bus 508 represents one or
more of any of several types of bus structures, including a
memory bus or memory controller, a peripheral bus, an accel-
erated graphics port, and a processor or local bus using any of
a variety of bus architectures. Bus 508 can include wired
and/or wireless buses.
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Memory/storage component 504 represents one or more
computer storage media. Component 504 can include volatile
media (such as random access memory (RAM)) and/or non-
volatile media (such as read only memory (ROM), Flash
memory, optical disks, magnetic disks, and so forth). Com-
ponent 504 can include fixed media (e.g., RAM, ROM, a fixed
hard drive, etc.) as well as removable media (e.g., a Flash
memory drive, a removable hard drive, an optical disk, and so
forth).

One or more input/output devices 506 allow a user to enter
commands and information to computing device 500, and
also allow information to be presented to the user and/or other
components or devices. Examples of input devices include a
keyboard, a cursor control device (e.g., a mouse), a micro-
phone, a scanner, and so forth. Examples of output devices
include a display device (e.g., a monitor or projector), speak-
ers, a printer, a network card, and so forth.

Various techniques may be described herein in the general
context of software or program modules. Generally, software
includes routines, programs, objects, components, data struc-
tures, and so forth that perform particular tasks or implement
particular abstract data types. An implementation of these
modules and techniques may be stored on or transmitted
across some form of computer readable media. Computer
readable media can be any available medium or media that
can be accessed by a computing device. By way of example,
and not limitation, computer readable media may comprise
“computer storage media”.

“Computer storage media” include volatile and non-vola-
tile, removable and non-removable media implemented in
any method or technology for storage of information such as
computer readable instructions, data structures, program
modules, or other data. Computer storage media include, but
are not limited to, RAM, ROM, EEPROM, flash memory or
other memory technology, CD-ROM, digital versatile disks
(DVD) or other optical storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage devices,
or any other medium which can be used to store the desired
information and which can be accessed by a computer.

Conclusion

Various embodiments enable particular CSS pseudo-
classes to be employed, but limit particular functionality
aspects of those pseudo-classes that can lead to divulging
personally identifiable information. Thus, various embodi-
ments can change how a CSS pseudo-class is allowed to
function. For example, in at least some embodiments, CSS
pseudo-classes are permitted to be used to make the visual
formatting changes to a web page, but not structural format-
ting changes. That is, changes that do not affect the structure
of content within a web document are allowed, while changes
that affect the structure of the content are not allowed.

In various embodiments, script access to formatting infor-
mation that might impact personally-identifiable information
can be blocked. Alternately or additionally, image-fetching
operations from which personally-identifiable information
can be inferred can be blocked. Alternately or additionally,
mitigation techniques can be employed that maintain code
path times so that examination of mitigation activities versus
the absence of mitigation activities cannot be inferentially
used to ascertain personally-identifiable information.

Although the subject matter has been described in lan-
guage specific to structural features and/or methodological
acts, it is to be understood that the subject matter defined in
the appended claims is not necessarily limited to the specific
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features or acts described above. Rather, the specific features
and acts described above are disclosed as example forms of
implementing the claims.

What is claimed is:

1. A computer-implemented method comprising:

receiving, at a computing device, a web document having

at least one element that when formatted according to
styles associated with the web document is capable of
impacting personally-identifiable information of a user
of the computing device;

producing, from the web document, a calculated format

that describes element formats;

ascertaining, from the calculated format that was produced

by the producing, that the personally-identifiable infor-
mation of the user of the computing device might be
impacted by formatting the at least one element; and
producing, from the calculated format, a sanitized calcu-
lated format that sanitizes the at least one element to
prevent the personally-identifiable information of the
user of the computing device from being impacted.

2. The method of claim 1, wherein said producing the
calculated format comprises severing connections between
script access to the calculated format and connections
between the calculated format and an image fetcher compo-
nent.

3. One or more hardware computer-readable memories
storing computer-readable instructions that are executable by
a computing device to perform operations comprising:

receiving, at the computing device, a web document having

at least one element that when formatted according to
styles associated with the web document is capable of
impacting personally-identifiable information of a user
of the computing device;

producing, from the web document, a calculated format

that describes element formats;

ascertaining, from the calculated format that was produced

by the producing, that the personally-identifiable infor-
mation of the user of the computing device might be
impacted by formatting the at least one element; and
producing, from the calculated format, a sanitized calcu-
lated format that sanitizes the at least one element to
prevent the personally-identifiable information of the
user of the computing device from being impacted.

4. The one or more hardware computer readable memories
of claim 3, wherein said ascertaining comprises identifying
whether particular pseudo-classes are used in a style sheet
associated with the web document.

5. The one or more hardware computer readable memories
of claim 3, wherein said ascertaining comprises identifying
whether particular pseudo-classes are used in a style sheet
associated with the web document, wherein one pseudo-class
comprises a “:link” pseudo-class.

6. The one or more hardware computer readable memories
of claim 3, wherein said ascertaining comprises identifying
whether particular pseudo-classes are used in a style sheet
associated with the web document, wherein one pseudo-class
comprises a “:visited” pseudo-class.

7. The one or more hardware computer readable memories
of claim 3, wherein personally-identifiable information can
be impacted by an image fetch operation to a remote source.

8. The one or more hardware computer readable memories
of claim 3, wherein said ascertaining comprises ascertaining
whether the calculated format includes structural formatting
information.

9. The one or more hardware computer readable memories
of claim 3, wherein said ascertaining comprises ascertaining
whether the calculated format includes structural formatting
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information, wherein said producing produces a sanitized
calculated format in which one or more structural changes
described in the calculated format are not allowed.

10. The one or more hardware computer readable memo-
ries of claim 3, wherein personally-identifiable information
can be impacted if the calculated format contains information
that describes links visited by the user.

11. The one or more hardware computer readable memo-
ries of claim 3, wherein said ascertaining comprises ascer-
taining whether the calculated information contains one or
more pseudo-class properties other than acceptable proper-
ties.

12. The one or more hardware computer readable memo-
ries of claim 3, wherein said ascertaining comprises ascer-
taining whether the calculated format contains one or more
pseudo-class properties other than acceptable properties,
wherein acceptable properties can include properties associ-
ated with color, background color and text decoration.

13. A computing device comprising:

one or more hardware computer-readable memories;

computer-readable instructions stored on the one or more

hardware computer readable memories which, when
executed, provide:
a web browser of the computing device; and
a mitigation component utilized by the web browser to
perform operations at the computing device compris-
ing:
receiving a web document having a style sheet that is
associated with the web document, wherein the
web document includes at least one element that
when formatted according to pseudo-classes used
by the style sheet is capable of impacting person-
ally-identifiable information of a user of the com-
puting device;
producing, from the web document and the style
sheet, a calculated format that describes element
formats;
ascertaining from the calculated format that the per-
sonally-identifiable information of the user of the
computing device might be impacted by formatting
the at least one element according to the pseudo-
classes used by the style sheet that affect the web
document’s structural format; and
producing, from the calculated format, a sanitized
calculated format to protect the personally-identi-
fiable information of the user in which the at least
one element is not allowed to be formatted accord-
ing to the pseudo-classes that affect the web docu-
ment’s structural format.

14. The computing device of claim 13, wherein the opera-
tions further comprise identifying whether the pseudo-classes
used by the style sheet include a “:link” pseudo-class.

15. The computing device of claim 13, wherein the opera-
tions further comprise identifying whether the pseudo-classes
used by the style sheet include a “:visited” pseudo-class.

16. The computing device of claim 13, wherein the opera-
tions further comprise producing the sanitized calculated for-
mat without using image fetch operations to a remote source
that impact personally-identifiable information.

17. The computing device of claim 13, wherein the opera-
tions further comprise severing connections between script
access to the calculated format and connections between the
calculated format and an image fetcher component.

18. The computing device of claim 13, wherein the pseudo-
classes used by the style sheet comprise a pseudo-class that
applies to links that have not been visited by a user and a
pseudo-class that applies to links that have been visited by a
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user, and wherein the operations further comprise producing
the sanitized calculated format without using properties of the
pseudo-class that applies to links that have been visited that
impact personally identifiable information.

19. The computing device of claim 13, wherein the opera- 5
tions further comprise producing the sanitized calculated for-
mat using pseudo-class properties that are associated with
color, background color and text decoration.
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